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Errect o COMPOUXD, WITH VARIOUS REDOX POTENTIALS ON TIR PHOTOSINTHESIS AND RIBPIIA‘HG
OF ELODRA

O« Py Drin, A, A, Kreswovekiy, B )
Inst of Plochemlstry, Aced Sci USSR, ;
Hoa oow, 15- *

In prior work dope 4 a% our laboretery the capacity of chlorophyll to be "’?
reveraibly photersduced ly & mmber of omousds wa shew /3, ], The posesbilssy of # |
transfer of hydrogea zr 2 electrea) by the active photorsduced form of chlorophyll |
te oxidised forms of prosthetda groups urd:tm (riboflavin ard diphosphopyridine~ '

meh:t;;‘).mm dyestuffy was alse mwm[).u,g]. On tne basis of these
eperiments the assunption was wade 1M§*m sornadt the photcchemical stage with
tha dark stage of photosynthesin, taking wp active hydrogen (or an eleciron) from the
photoreduced form :'fu o:loroplvu e tranaferring it ©0 Lhe eystem o:;:::muc reactinng
of the dark stage Swit lead % the binding and redustios of carbwm dicxide /3. —w

The dahydrogenass activity of chloroplasts was astahlished in the work of N.M.Sieakyan at

a A,

In order to obtalo data ca“the possibla nature of intermediate nystams whiech

govern the transfer of hyirogen (or elsctrons) Ln the process of photosynthesis occuring

in the living ¢ells, we set up exparimaate in wnich the effect of various compounds on thw
photoeynthensis and respirstion of alodss was Lrvenstigated,

1. The Compounds Investigated,

Ve investigated the effect of the folloving groups of ocompourdss
relation to the

1. Dyestuffs active in wle living plamt, i, e, redor indlcaters which are
reversibly reducsd by the active hydrogen of metabolie produste;

2, Antibioties which in all probability selectively poison encymatis

systens;

i

bte scld, ribeflavin, diphosphepyridise-molectide (PY) as Wil as cartain novgants iom |
Like NO4!, NOp 1, and ™", 4,

i b
3. Compounds that perticipate in biochemisal redox procssces, !, o.. uwm;

In the majority of cases, chemically pure, crystalling, reagent grede substances

"'“‘“‘"““"“ “W“'w purifisstion, peguimpme s-/:mmmm we.

mmmsu 1n the laboratory by the meditied method of Hller /). §
PN vas muun-uumumnwmu.pmmunww Tue DPY, as cetes
ned mctmmmum in cud preparatdons (w"‘f- uao o -
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obmwucummmuuuumnom-urmuunumm[g]. ‘
The conosntretion of dehydrosscorbio Scid ws dotermined was.detormined By titreting vty
diohlorwphanoleindophenol edwthe aocid vhish had been redused with 68 (after 1,8 had besa
Femoved by blodng nitrogen through the solutien) i

As far aa antibioties are concarned, & selstiom of F'Qramicitin § and vrnu‘
1ine peniciliin and streptomreln wore wsed, ‘i

2 Method of Nessuring Photomynthente end Respiration, oot
The oxygen mtabolism of elodea in respiretion wae measured acoording teo i
Warhurg's manometrie method vith a carbonate ~bioarbonate tuffer, In this procedure she
‘1;::;.%23:\!“ in the vessel are caused by oxygen metabolism only, because the pariial
oresswvw of w? remine constant, The cmmmor:“umma At 25° tn flat vnasaia
of~ haring 4 special Shaps ard equipped with a olde/outlas (Fig 7)o Illumination WA
through an R0-2 S~ red filter (5 mm)
rerriad oty meany of o 150 wi lamp placed in o constant, temersture bath at o distanoa
of &6 m from the vessaln. lInty ;;hvnnuu ware placed o 1 g bm of elddes togethwe wir g
Dm oaf e "arbenataabiasrhonate mifer having a By o 706 (.5 miof 0,1 i NAHLU] *
s l.Sm!of 0N Na?C’)J). One mL of the nompound o he inventigated way introduced
through the alde eutlat, Tuo prarsile) experimants wern rordunted, Alter tharmostating
e davrknems for 13 mn, tha absorptien of CXYEYA Y respiration s meamired Thonrt::nn
the vessel wea placed abeve tha “amp ard the gas metabal)en dus to photosyntimals mamired
far 12 min, areupon m:um " be imrantigated way addad tg:gb the alde m
and tha gas metahollsm measwred far 30 min, PInelly \he rassels wary again placed in
“Arkness and the 848 metaboliam was wmaasurad Ly daricneas tn the pressnse of the subtstance
Lsing investigated, ‘

In another series of sxperiments, the respiration and protosynthesis of slodes |
pravimasly g
vere measured after the plant had teen/treatad with ay nquatous soluticn of the substance |

wuder Ty & Aclutlon of &
baing I.nvau.ignto:. Five pramy of elodee vers kept for %0 min i(n 50 mlL of /tha dyeatysfy

contained {n a & i
beteken or some othey compound kewhng & concantoatien of 103 op 10 M,ir the solution, -
Aftar the plant specimens had-ee treated in this manner had been rinsed with watep once, |
manometrie experimente ware oarried ont immediataly. Control erperiments were performad ’

¢f this type can o
without previous snaking. ‘Mmm-&bﬁmrium velo-oolesteod v cmnﬂ ‘,.,5
out only with substanoes which do not abserh light ia the renge of wave. lengths trtmuuwj;z ‘

o
by light filter ROe2 (red trpeshbold 620 ny))mmt the scroening influence of +he,
filtars on the abeorptios of Ligit by chlarophyll g oliminated ‘

The data listed in the tables were obtained in the following mannes,

, I b FHII gt g1 F
e i e R, TR M P A Mot g s
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Both Bafore and after addition of £ subletances under ;lntupﬂn W reetdlinear, while
it veloclty Lo expressed by the an tangemt of Lw angle of inclinatiem of the straigint i
1ime to the 0xi® of abscien ps, Comparisca of the tangente of anglm of Lnolinatiom of ‘
the atraight Lines of respiratien perxite u svaluate the affect of added mbetantes
™ the rate of oxygen resorption in respiretion, The inttiad rate of this process prier
to photosynibesty, axpreseed by B (ef Fig 3), 18 nseumed to be 2008, The changs in thig
rate after pbomyn'.hnﬁn, oXpresaed 1n peroent, will thes be —':-a% 100,

'nQ procena of the evolution of oxygea in photuramhu:a procesding vmuj
1 43ditione 14 aleo expressed by & stratght Lina, the tangent of £ vhose angle of incld. !
nation te the axis of sbecinsse correwponds to Lhe rate of the prooess. The obeerved !
avolution of oxygen under 11 0md na b om norreaponds Go-bh additively to L total (41
matabolism of beth photosynthests and respirasion) therefors the sctusl rate or velectty

s eyeen evoluline 1n phatosynthests w11 be expressed bty tha aLl'tarence tg W' - e
ir making r.n::n dacductived e AsAumAd Lhat, the FROLIration in the wame i dar'meoy and
wndar fltuminations Aftar *ne substance unrder Lw-u',guhm'mnn addad, the avalytion
£ the ~ase of dymstaffal

*L ArYEwn doas nab LIvayw nrecaen tlong & atpasghr Tan, This/spparectly e due vo L
fact that the qUANUILY of Fyastul? vf'.'.'h;d‘.:'fuud 2% the nlani calls Inereanas vith timm.

In canes wharn tre courae of photosymtheein 1o eXpresded by a straight lioe,
the charge of velocity urder *,h'- 1r.rluom-; cf the added substance eorresponds to

it , i
izdf, (- zﬁ:‘?:idf"c*&) g

= - * %
the h 3 & reyplcatden
vhare the mean value of medpiseticn Bea welabolimbefore acd afier Lhe addition 1y tares

inbo conalderetian,

In canes vhare the Process procmeds along A curved line, the rate of ‘}e
Frocmss Ls asvumed by definition to Serres be aial to Lhe sleps ab & point whick cnmapor,.f
o the 30 th wminute on the curve of the gas metabolisms of pictosynthasiy,

Pig 3 11ustrates the method of talculation for neutral red with . coneonf.nu.o,x%
of 10" 1n the s1de SMRTEA of the Yessel. For the sake of clarity, the iniial pointe of
both processes Luvolved vare mede to colnoide (Am-the-swhpin (for respiration processes,
1n origla O, and for photosynthesis processes, in erigta of), Tederpresses the rewe of ||
the initial process of respiration; tg B » the rate of the fima) Tespiration) tg o1, the I
TA%4 of photorrnthests befors aititien of the mbetance; b B ' the rete of photorynihasty ||
After addltion of the substande, 1If the rate of the initial process of reapiration La ;
sosumed 10 be 100f, the fhmad-rate of Pooplrste fiml respiration vill be 2.8/2.4 1 mo-ww
14 84 the acceleration of the respiration process Preduced by the additiom of neutral red J

G, -
e et et . g 4 3 e s ol Cidivd s
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mdttnn.pmnu, i, e uw-(-uo\)-w.h-(-t.h)-n.o. This valee
»Hoeot heperonds 19 asnumed 4 be 100K, mnunmmmc.mm
of the substanse represante the differense between measured photosysthasis and

"‘m‘t“l i. e 1 - <.’a *“:___L' &) - ‘. 4 = C-'Q.S.)‘ 5.3 '

In othor words, introductiom of neutrsl red lowers photosynthesis to LIS of ite
original valme,

The margin of errar 1s estimated at & 10%, in view of the fach that thw
experinents vere carried out on plant material, the Stability of which L9 influenced

by mazy external causes.

III. Actiom of Dyestuffs and Quinone Gu the Photosynthesis and
the Respirstion of Elodea,

The following compownda, which cover She-vange= redar patentials ranging ia
valus from +0,3 t0 »0,) ¥, wre selactads  quinore, phenol~indophenol, th&on.ut' LRV
tlu, riboflavim, urrmm’r. redtral red, ALY thess compounds, with the exception
¢f quinones and salranive T, are dymatuffs whiod are AT with respect to the living
call, Ag far as Ml blus s foncernad, there Le appurently s scresning effect, tmt
1t L not quite clear whether tha gralos of chlorephyll are dyed thin sudbetance,
Phenel-induphenal 1a blus at Py " 5 und red at Py b1 therwfure onrl;}'iiwinq sxperimer
wrn oarried out with thin submtancs.

The absorption spectra of the dywsiuffs were nassured in water ag Py 6
And in the carbonate~bioarbonate tuffer Y Py 9.08 (Fig L), 1r some special expari-
mnia the affect of the oxidised anmd the roduced form of palrs such ae quinom~lyiron
quinone vas investigated. The Application of louko-compoum of dywstufle was
inpoosible because o;\;:ﬁfa oxidation by crygen of the alr, Investigatios of the
action of hydroquinons by the method of pouring it in was was.inconvenient, becauss }
this mt::::ni:l :;ptﬁ; mdu:}a at Pp ® 9 Quinoms 1a also oxidized under these
conditions, zo that Werporhum where a solution of the substance under Lmvestd,.
gatdon 18 poured in, f comtrol experimemts withouws Plant speclmne were carrisd ous.
The oontrel experimenmts with all compounds exoept thoss incdoated [as ensv)y muumj

-hwq:my an insignificant oomewmption of oxygen $osk plase,

After the experiments the dysd leaves were eranined both under an ".

ordinary and & fluerescense miaroscope (in the Latter oaes, under excitatisn vith ma;r

umm;%-p). mmmmwmummum wmtcu
k.

M A AN T LR N o
e e VP ESv risting .
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ond th respiration, 1, o, nw'-(-uu)nn.h-(-u)-u.o. 'momn
rieothoncwonds 19 assumed %0 be 100K, mrmo:pmnnmms.mmn
of the substanse represenis the differense between measured photosyntheeis and

respirstiem, 1. o, .‘(‘5@'_ <“"z":*lb@') wi. Yy ..'(.-a.s_). g9
In other words, Latroductiom of neutral red lowers photosynthesis to LIS of ite

original valme,

The margin of error 1s estimted at & 108, in view of Uw fach that thw
oxperineuis wvere ocarried out on plant material, the stability of which L influenced

by mary extermal causes.

III. Actiom of Dyestuffs and Quincze @ the Photosynthesis and
the Respiration of Elodes.

The following compounde, which cover she-cangee redar potantiale ranging 1a
vilun from 40,3 to «0,3 v, were selected) quinore, phenol~indophenol, thiaM | (1)
tins, riboflavia, ufﬂnm’r, reatral red, ALY these compounds, with the exception
¢f quinonea and safranire T, are dysstuffa which are sotive with respect to the living
call, Ag far s Nils blus 1s foncermad, thers is appwwntly s screaning offect, tut
1t L not quite clear whether tha gralos of chlorophyrll arw dyed this sudbstlance,
Fhenel~indoprensl 1a hlus at Py " B and red at Py * 61 therwfure oni}%yﬂné axperimer
wmre oarried out with this substancs.

The absorpiicn spectra of the dywsiuffs were medswred {n water at p é
and in the carbonste~bicarbonats buffer at Py" 9- 08 (Fig L), 1Ir some special expari~
morts the affect of the oxidized and the reduced form of pairs such ag quinoss-yirae
quinome vas uvuu.nud: T application of louk'c':-compoundc of dywatuffs was
impossible because of;\;:;{d oridatien by cxyger of the alr, Investigation of the |
sction of hydroquinons by the method of pouring it ia was nu.inmmem.om, becauss
this substance is repidly oxidised at Pp* % Quinoms is alae md.dilod under thess

connection with the series of

conditionw, so thay u,/orpcrlnm where & solution of the substance under Lavesty..
gatden 1o poured in, J comtrol experiments without Plant speclmens were carried ous,
The ocontrel experiments with all oompounds except thoss indicated [us emnt)y mddiuble]
above -hm,{anly an insignificant comeumption of ocxygen Sosk plase,

After the experiments the dyed leaves were examined both under an
ordinary and a fluerescenss mloroscope (in the latter case, under excltation with m?

Lhmnﬂnp). mmmummmmummuu-wmn‘
b e

@2

,{'

. : ' i ‘n;..;q,
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00000 of quinome and thionime, B

Toe expariaarte wee curried ouh ik 157! and 20 ’n«mmuon of the |
drestaffs in the side nﬁ*ﬁ of the wneels, mlmlpnhu m"mquh N !
concentrations i the centl space.

Vo mde an attempt to estimete what quantity of dysetulf penetrates inte the !
tlodes calla, Yor thds purpsse 10 and 10 N solutiome of the drwaterfs were prepared. |
b= TMve grams of elodes ware dipped izto 50 al of every dyestesf solutiom for 30
mn, The coafficlent of sxtinctien of the dyeatuf? solation before and after ’
£/ the dg&mmnum‘ﬂ%mﬂdm-w! sdoorbed vas calodated, T '
antity/adsorbed dyestart maried betwan 2 = § Y10 mola/g of slojden with an tnitial
concantration of 10° K and between 1 = 3 X 10~ mols/g of elodea with an indtial
enrraatration of 10"‘ X, 0=y

Preliminary treatnant of elodes wilk/solutinms of quinone or phenols
~'adophenol brings abont s strong supprasalon of photasynthenis (to the Jawel of C-10¢
20 that shewa by the azet=al), tnd hae no effechk on the respiration, fust as in the
axperiments vhere the solutions arm addad by pwﬂueukﬂl 5 At 1.6‘3)( concantration
thrae sompounds have nresticaliy ne affect on alther phatoayrthesis ae rmeplratioag thare
Alae wus no appavent effest of Rydroquineme on sither prosand ab the roncentrations
107 and m'l‘ M.

Pnlimnu'y' \reatment (dysing) with aolutioms of dyestusls stimlatan
respiration amd suppresses phatosynthaals in the Fallowving ceders 1) neutral red;

2) safranine T; 2) Wile blwa; L) thionine. Neutral red has o weak effsct on phstoe
synthasin and respiratics, whils thionine strengthens respirstion considerably and

surpreasses photosynthasis €6 a great axtem,

IVe  Actlon of Compounds Wheh Whioh Participate in Biochemisal .Rnd':n‘
Systsma On the Photowynthesss and Respirstion of Elodes.

The following compounds were Lnvestigateds ascortds acid, dehydroascorbie
scld, diphosphopyridime-mcleotide, and riboflavin, The affect of the Loms N0, 1, Moy,
and PR iap aleo investigated (Mg 2).

Our experimsnts did not confirm the data orwu&hziq?ummw the
stimlating effect of ascorvie aoid on photowynthesis; hwrnr. there weo some stimlatien
of mpmtiu by dehydrosscorble acid | ; 44

Drtrodaction of OPN, riboflavin, or Woy! 14 not am-b o sigmiftens oftoct Tl
on sithar photosynthests o resplratica. ‘Sodtum nitrite mm mnmuum pev |

R TR g LR e g
‘ sr-wpt . v«p«‘dl—u”&‘”é“.g—w‘-g - - _#\hi‘x.t.- oy
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mmmumwrmnmmocmm&n.m
poesible error in the date 1isted ix Table ? ancusts 4o 3 104,

Vo  Action of Amtidioties On the Phetonymthesis and Reopdration of Bledes, ..

In the searah Zer ssla~tiwe Lnhibitors of photerymtheris and reapiration, !
n/:nl::ntignﬂ the acties of antibioties., In the experissrds 12 guwtics, 5 g 3f 1
eirnins wore oosloed for 1 b 1 25 ml of wm aquecus sclutien of the antidiotis. Thea
the photosyntieaia and respirstion were determined by the manomsirie method described i
sbove. The comcentratiem f penteillin und grantcldin § ves 10N, while that of |
straptogeis van § X 10°M, Penteillin and streptomyeis have cnly & wak effact on |
the photesynthesis and respiration of elodea. Oramicidin § has no effest on respivatia;
» U euppresses photosynthasis conalderadbly (by 80£). It ls possibla that this offest
{n connected with the property of grasiridia \s supprens dehydrogentass whish hap hesn
thows Lo Tepovata vork (13

Concluatnae .

Op the basls of the dara dbtained, the f2lleylng conslustona oan ™ madas
1n Suppression of photosynthasis %y tre lyestuffs inventigated may be cortelatsad uith
the values of thalr redox p.\tentul‘n‘.c)» Lhe pigher suppression affesh (s higher
vhen so L7 more positive,

2o The action of a dysetufl? so respleativn Ls usoally opposed %o 1% Action w8 photew
syntheals) oompounds hn-&” mman\n valusg of B o Stimulate resplration,
Increase of the respiration of planmt tissues under the astion of soms dyestuffs
has beer kmown for u long tiwar V,I.Palladin et al /13 origimlly established the
strengthaning of the respiration of plamt tissues wilch had besn dysd with methylans
blaa, In this prooess the reveraibly reacting dysstuff functione ag an an interwadsate
catalylie ayster vwhich serves ‘u an acoeptor for the hydrogen Cm: slectrons) of metabals h
{tes, and {s then oxidized by the oxygen of the alr. ;
The suppressing nc::on%t“:’!:ﬂe“a:gmm Loveatigated um :ut- ";
vo-omphadmed has the sane explanatiom) Iydrogen (or an elactron) is takem up fwem
from photochenically formed active reduced subetances, which have a moh moTe negative .
potential than respiration metabolites, md then these substanoss are oxidised through b
the action o axyyen wikh uder e formetion of perexides. Oridases participate tn |
this process, Twes mctunofth'wml' wmmummu-
chend.cal stage wuwww MMM,/“M%MM of

semiquinons fermation has been omltdeds, Dl . v
B O s L A i Sl S

Wi i
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Sl ﬂ“d\' \m‘iwz . Foom

: .th,i
Dl'¢ "' D ¢ n,

Kig¢ Oy=» E + RO, -

Moy > B o V10, "

vhere D:Eblr, in o dehycrogensse systen or some other system whish origivally takes
up the hydrogea of tha reduced form of chlorephyll, odl#nl. 1s the revers_ible
srotes dysotaff - h\mw.‘

Howavex, the usefulness of this schems for explaiming the cbsarved
suppresuing sctiem of quinoms or phmb-lndcphul on photosymthesis is dowdiful,
antu-o!mnmm mduwumvwmmnrm,
air 1a & neutral mediume this explaing the spplicatios of quinomws for measuring the
photochamioal aotdvity of isolated chloroplasts, In this reaction there is reduction
nf quinone and evolutiom of molacular oxyges, which is practically not used at all
for tha oxidation of the reduced form of quinome or pherol~indophenal, Suppressiom
nf photosynthesis by these compounds may be ascribed eithear to the reaction of tiw
appearing reduced forme with active peroxidas that form in the course of photosynthesis,
a nu:?thn formation £f Bvem quimens Ln an aquects medium of cowpounds whick polses
phovosynthesis. The Lettar passibility has basn mentioned in the Mtersture AL,

s el i i

The pesalbility of the interactios of Lhe dyestuff with the photochemiocall;
forsed compound DH 1s determined by the valae,of thelr redox mmﬁﬁmr:mmp::u;m
nay be changed by ulaorpuon af the dyestnff on cellular structucres; here w operate
only with ! valuss corresponding to py * 7o

The la value of a dyeetuff at which tharw 12 no longer avg suppressing
effect on photosynthesis will indicats the approximate By valma of active reduced
compoarels vidoh &ve formed 1n photosynthesia. Tha sffact on photosynthasls of neutral
red with nnl of «0.3 v iv already very small, which indicates that: the !: ofDH i
in 11 probabllity higher tham =0,32 v,
3e The ahsense of/;: k:;ppnlm or stimulating effecs on Ob-p:: pbh:t::ltprl::;:/” " ‘i
W oxidined forms of substances which participate in blochemiesl processes (dehydros |
sscorbie acld, ribcflavin, DPN) mey be explained by the fact that the reduced nbduiunopﬁ
of tase o participate_padbobpate in the blochemlesl reactions of photosymthesis
upon farmation, Other explavations are also psssibls, howsver, Por instanse, cve may
assume that the system of mmmmcuoum.mmmummuu»
uﬂuunuwhulyhhmd, umtwm'ufmomotmw
18 question does net bring abowd wny cheurveble affest, ! i ‘

y, mm-MoM#w»MM

;,1. e S
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S valw of Bg ® 0,32 ¥, mm«mzmmm an

1 pnmm-ummuumnmrmormmwﬂuumnm

Ao um.mamn:w«m»mammummm
of chlerephyll in photesynthesis,

W wdlah to thank Aoadentelan A, N, Tervals for suggertions and a3d extonded |
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RESTRICTED

rig. 2. Curves of Photosynthesis and Respiration of Elodes, Solutions of
Dyestuffs Arve Added From the Side Elbow of the Vessel at the 12 th Mimite of Photo-

mthllil .

1 = quinones 2 = thionine; 3 = Nile bluej L = ribiflavin; 5 = safranine Tj 6 = neutral
red. Concentraticn in the side elbow of the vessel is 1072,
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Fig 3. Bchene For Caloulating the Rates of Resorption and Evolution of Oxygen
in Respiration and Photosynthesis of Elodes Upon Introduction of the Dyestuff
During the Process of Photosynthosis.
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Fig. U, Absorption Spectra of Dysstuffs in Water and in a Buffer Solution Vith
pH L 9-080

I = thionone; 1IT = Mile blue; III = ribovlaving IV - safranine T; V = neutyal pved,

w/z./‘.
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Fig 5. Curves of Photosynthesis and Respiration of Elodea Which Had Besn Dyed With

10'3 Dyestuff Solutions Prior To the Experimente.
1 - control axperiment carried out without preliminary treatment; 2 - quinine;

3= thioniney L - phenol-indophenol; 5 = nautral rad,
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. Fig 6.  Curves of Photosynthesis and Respiration of Elodes Wrich Had Been
Treated With Solutions of Antiblotics Pricr to the Experiments. :
1 = control experiment carried out without preliminary tz,"utuub; 2 « 10 M solutior

[ ]
of penicilling 3 = 0.7% («10°2M ) smolution of gramioiding 5 X 10°3 M solutden of
gtyeptomycin,
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